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ABSTRACT 

A s i n g l e  a x i s ,  f i v e  beau, t h r e e  component 
laser ve loc ime te r  system has beeir used i u  a 
j u n c t u r e  f low experiment.  A d e s c r i p t i o n  of t h e  
seed ing  system developed f o r  and used i n  t h i s  
experiment  is given.  The performance of t he  LV 
system has been e v a l u a t e d ,  and soue of t h e  problems 
a s s o c i a t e d  wi th  i t  have been i d e n t i f i e d .  
S a t i s f a c t o r y  r e s u l t s  have bean obtained i n  t h e  
j u n c t u r e  E l o w  e x p e r i u e n t  u s i n g  t h i s  LV system. 

I NTKODUCT LON 

I n  a King-fuselage j u n c t u r e  t h e  oncuwing 
t u r b u l e n t  boundary l a y e r  on t h e  f u s e l a g e  su r face  
e x p e r i e n c e s  s t e e p  adve r se  p r e s s u r e  g r a d i e n t s  as i t  
approaches t h e  wing l e a d i n g  edge. These g r a d i e n t s  
cause  t h e  boundary l a y e r  t o  s e p a r a t e  ahead of t h e  
l e a d i n g  edge,  r e s u l t i n g  i n  a v o r t e x  which r o l l s  up  
and t r a i l s  downstream i n  t h e  j u n c t u r e  (Fig.  1). 
The coupled effects  of  t h e  s e p a r a t i o n  vo r t ex  and 
t h e  secondary f lows t h a t  are p r e s e n t  i n  any 
r e c t a n g u l a r  co rne r  l ead  t o  a complex 
t h r e e - d i u e n s i o n a l  t u r b u l e n t  flow. Th i s  v o r t i c a l  
f low can have s i g n i f i c a n t  e f fec t  on t h e  juiicture 
i n t e r f e r e n c e  d rag ,  and inore i u p o r t a n t l y ,  i t  can 
a d v e r s e l y  a f i a c t  f low on t h e  s u r f a c e s  downstream of 
t h e  wing. 

Ilo t -w i r d  oeasu reven t s  i n  s i n u l a t r d  
wing-fuselage j u n c t u r e s  forned by a f l a t  su r f ace  
aiid a cons t an t - th i ckness  wing have been c a r r i e d  
out by v a r i o u s  i n v e s t i g a t o r s  ( e . g . ,  Kefs. 1, 2 ,  and 
3) .  These a r e  s iwp le  s t r eauwise  j u n c t u r e  i lows 
wi th  no p r e s s u r e  g r a d i e n t s  p re sen t  a long t h e  
j u n c t u r e .  The j u n c t u r e  flow expe r iuen t  conducted 
a t  t h e  NASA Langley 1:esearch Center had t h e  
f o l l o w i n g  o b j e c t i v e s :  ( 1 )  t o  s tudy  t h e  tu rbu len t  
f low i n  a s i u u l a t e d  wing-fuselage jui ic ture  w i t h  and 
wi thou t  s t r e a u w i s e  p r e s s u r e  g r a d i e n t s ,  and ( 2 )  t o  
assess t h e  e f f e c t i v e n e s s  of j u n c t u r e  i a i r i n g s  i n  
modifying t h e  p o t e n t i a l  arid v i scous  flows i n  tlie 
juiictiiri:. 

The use  of laser v e l o c i u e t r y  w i l l  g r e a t l y  
f a c i l i t a t e  making d e t a i l e d  measureuents near the 
non-plaiiar s u r f a c e s  forwing t h e  j u n c t u r e ,  and 
w i t h i n  nea r - sepa ra t ing  f lows c l o s e  t o  t r a i l i n g  edke 

of t h e  wing. The re fo re ,  a t h r e e  component laser 
ve loc ime te r  system was used toward a c h i e v i n g  t h e s e  
o b j e c t i v e s .  Some of t h e  r e l e v a n t  r e s u l t s  have been 
pub l i shed  i n  Reference 4. This  paper  tries t o  
e v a l u a t e  t h e  p e r f o n m i c e  of t h i s  new laser 
v e l o c i u e t e r  sys t ew i n  o r d e r  t o  i d e n t i f y  its writs 
as w e l l  as i t s  shor t cou ings .  An LV seed ing  system 
has  also been developed t o  be used wi th  t h i s  
experiment;  a b r i e f  d e s c r i p t i o n  of  t h e  f i n a l  
seeding-system c o n r i g u r a t i o n  and tlie r e s u l t s  of t l ie  
p a r t i c l e  e v a l u a t i o n  tests are included in t h e  
pape r  . 

EXPERIIIENTAL CETAILS 

Wind Tunnel 

The j u n c t u r e  f low exyeriwent  was c a r r i e d  o u t  
i r i  t h e  Low-Turbulence P res su re  Tuiinel (LTPT) a t  t h e  
NASA Langley Research Center.  Tlie LTPT is a s i n g l e  
r e t u r n ,  c l o s r a - c i r c u i t  wind tunne l  which can be  
ope ra t ed  a t  p r e s s u r e s  frou 0.1 t o  10 a t u o s p h e r e s  
(F ik .  2 ) .  It is capab le  of o p e r a t i n g  a t  k c t i  
n w b e r s  f r o u  0.05 t o  0.50 ,  dnd u n i t  Reytiolds 
nuubers  f r o u  300,000 to  4YDU00,000/m. The 
t u r b u l e n c e  l e v e l  is  very low because of t h e  n i n e  
turbulei ice  reducticin s c r e e n s  and &cause of t h e  
17.b:l c o n t r a c t i o n  r a t i o .  The tes t  s e c t i o n  is 0.91 
w (3 r t )  wide,  2.29 u (7.5 i t )  h igh ,  and 2.29 IU 
( 7 . 5  f t )  long. 

Experiwental  Ilodel 

The j u n c t u r e  f low was gene ra t ed  by a v e r t i c a l  
s p l i t t e r  p l a t e  ("iuse1aL;e") w i th  a n  uiiswept wing 
mounted pe rpend icu la r  t o  i t  (Figs. 3 aiid 4). The 
wing had a chord l e n g t h  oi 0.457 m (18 i n . )  and a 
thickness- to-chord r a t i o  of 0.07. It had a curved 
s u r f a c e  ( c i r c u l a r  arc of r a d i u s  of c u r v a t u r e  10 IJ) 
on one s i d e  and a Llat s u r l a c e  on t h e  o t h e r  i n  
o r d e r  t o  s i m u l a t e  j u n c t u r e  f low d i t h  and wi thou t  
s t r e a n w i s e  p r e s s u r e  g r a d i e n t s .  The wing root was 
des igned  so as t o  accouuodate  c o r n e r s  w i th  and 
without  f i l l e t s  (F ig .  4).  The  rewovable c o r n e r  
f i l l e t  used i i l  t h i s  s t u d y  had a r a d i u s  of c u r v a t u r e  
cf 25.4 m a  (1.0 in.). The l e a d i n g  ad&* ef t h e  w i i i g  
was l o c a t e d  0.406 w (16 i n . )  dowustream of tlie 
p l a t e  l e a d i n g  tdge .  Trai l ink-edge f l a p s  on t h e  
s p l i t t e r  p la te  and t h e  wing were used t o  c o n t r o l  
t h e  l e a d i n g  edge s t a g n a t i o n  p o i n t s .  
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LV tlEASUREI~IEHT SYSTEM 

Details of t h e  laser velocimeter system d e s i g n  
and t h e  d a t a  a n a l y s i s  are found i n  Reference 5 ;  a 
b r i e f  d e s c r i p t i o n  of the system is  g iven  he re .  

LV Conf igu ra t ion  

The s i n g l e  axis, f i v e  beam o p t i c a l  
c o n f i g u r a t i o n  (F ig .  5) uses  clre s t a n d a r d  two c o l o r ,  
t w o  component beau p a t t e r n  with t h e  two g reen  beams 
a r r auged  in t h e  ho r i zo i i t a l  plane aiid t h e  b l u e  beaus 
a r r anged  i n  t h e  v e r t i c a l  plane.  The p reen  beams 
are used t o  ueasu re  t h e  U component and t h e  b l u e  
beams t o  measure t h e  V couyonent. A t h i r d  g reen  
beam is placed a long  the o p t i c a l  a x i s  b i s e c t i n g  t h e  
a n & l e s  between t h e  o r i g i n a l  two g reen  beams. The 
a d d i t i o n  of t h i s  beau c r e a t e s  LWO a d d i t i o n a l  f r i n g e  
p a t t e r n s ,  from which the U component is obtained.  
Bragg cel ls  are used i n  t h e  two o u t e r  g reen  beaus 
t o  s e p a r a t e  t h e  t h r e e  s i g n a l s  obtained from t h e  
t h r e e  g reen  f r i n g e  p a t t e r n s .  

The LV s y s t e u  descr ibed above r e s u l t e d  i n  a 
sample v o l m e  of  diameter  80 micrometers  and a 
l e n g t h  of 120 n i c rowe te r s .  An of f - ax i s  b a c k s c a t t e r  
c o l l e c t i o n  mode was used i n  o r d e r  t o  reduce t h e  
e f f e c t  of background r e f l e c t i o n s  from t h e  s p l i t t e r  
p l a t e .  I n  o r d e r  t o  make measurements very c l o s e  t o  
t h e  j u n c t u r e ,  t h e  LV beau system was o r i e n t e d  a t  a n  
a n g l e  o f  11 degrees  with r e s p e c t  t o  t h e  h o r i z o n t a l  
wing (Fig.  3). Flare frola t h e  j u n c t u r e  s u r f a c e s  
r e s t r i c t e d  t h e  c l o s e s t  measureuent d i s t a n c e  t o  3.5  
mm f r o u  t h e  v e r t i c a l  s p l i t t e r  p l a t e ,  and t o  1.0 mm 
f r o v  t h e  h o r i z o n t a l  wing. 

Opera t ing  Cond i t ions  

The e r p e r i w e n t s  were conducted a t  atmospheric  
p r e s s u r e  s i n c e  tire i n s t a l l a t i o n  of LV o p t i c a l  
s y s t e w  and t r a v e r s i n b  uechanisu i n  the p l e n w  
chauber  precluded any tuxme1 p r e s s u r i z a t i o n .  The 
r equ i r emen t s  of t h e  three component LV system a l s o  
l i m i t e d  tlie maximum tunne l  speed t o  about  40 w/s.  
A n o n i n a l  f r e e s t r e a w  v e l o c i t y  of 34.5 d s  
cor re spond ing  t o  a llacli number of 0.1 and a u n i t  
Reynolds number of 2,30l),OOO/iu was used f o r  making 
a l l  of t h e  measurewents. A r e c t a n g u l a r  weasureurent 
g r i d  of width 3 c m  and he igh t  3 cu1 was covered a t  
each one of t h e  measurinb s t a t i o r i s  i n d i c a t e d  i n  
F igu re  4. The instantaneoub v e l o c i t y  in fo rma t ion  
from erisemble ueasureuent a t  each measurewent 
l o c a t i o n  w a s  processed i n  r e a l  t i w e ,  and it w a s  
a l s o  s t o r e d  permanently for  l a te r  processing.  

LV SEEDING SYSCEI.1 

Systew Considerat iol is  

S ince  t h e  laser v e l o c i w e t e r  ueasu res  tlie 
v e l o c i t y  of s eed ing  p a r t i c l e s  i n  t h e  test mediuiu, 
t h e  f l u i d  f low ueassurewents depend h igh ly  upon t h e  
g e n e r a t i o n  oi p a r t i c l e s  w i th  known p a r t i c u l a t e  
c h a r a c t e r i s t i c s .  In the  d e s i g n  of a system f o r  
a r t i f i c i a l  s eed ing ,  va r ious  r e q u i r e w n t s  such as 
s e e d i n g  r a t e ,  p a r t i c l e  s i z e ,  p a r t i c l e  
c h a r a c t e r i s t i c s ,  aiid p a r t i c l e  e j e c t i o n  po in t  need 
t o  be cons ide red .  llany of t h e s e  r equ i r emen t s  are 
c o n t r a d i c t o r y  i n  nature .  For example, i n s u f f i c i e n t  

s e e d i n g  rate l e a d s  t o  long  d a t a  a c q u i s i t i o n  t i m e  
o v e r  which t h e  test c o n d i t i o n s  could vary.  But i f  
t h e  seed ing  rate is t o o  h igh ,  t h e  p r o b a b i l i t y  of  
having more than  one p a r t i c l e  i n s i d e  t h e  sample 
volume i n c r e a s e s .  The p a r t i c l e s  must be s m a l l  
enough t o  folow t h e  f low stream, bu t  l a r g e  enough 
t o  be d e t e c t e d  by t h e  LV system. Another 
r e q u i r e u e n t  is t h a t  t h e  p a r t i c l e s  have small 
d iame te r  v a r i a t i o n  (mono-dispersed) . I f  t h e  
p a r t i c l e s  have too  wide a d i s p e r s i o n ,  and i f  t hey  
are i n  a h igh ly  a c c e l e r a t i n g  f low,  t h e  t u r b u l e n c e  
measurement m y  be due t o  t h e  v e l o c i t y  v a r i a t i o n  of  
p a r t i c l e s  of d i f f e r e n t  s i z e s  r a t h e r  t h a n  t h e  
t u r b u l e n c e  l e v e l  of the f low streau. 

A primary r e q u i r e u e n t  of t h e  Langley 
Low-Turbulence P r e s s u r e  Tunnel w a s  t h a t  t h e  s e e d i n g  
materidl d i d  no t  d e p o s i t  on o r  damage i n  any way 
t h e  t u r b u l e n c e  r e d u c t i o n  s c r e e n s  l o c a t e d  i n  the 
t u n n e l  s e t t l i n g  chauber.  Both s o l i d  and l i q u i d  
seed ing  s y s t e u s  were e v a l u a t e d  (Ref. 6 ) ,  and soue 
of  t h e  r e s u l t s  are p resen ted  i n  t h e  nex t  tvo 
s e c t i o n s .  
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S o l i u  Par t ic le  Seeding 

A p o t e n t i a l  f low a n a l y s i s  of Kaol in  p a r t i c l e s  
of v a r i o u s  s i z e s  moving p a s t  a c y l i n d r i c a l  wire 
(127 u i c r o u e t e r s  i o  d i ame te r )  i n d i c a t e d  t h a t  t h e  
f r a c t i o n  of p a r t i c l e s  i u p a c t i n g  on t h e  c y l i n d e r  
i n c r e a s e s  wi th  i n c r e a s i n g  p a r t i c l e  s i z e .  The 
r e s u l t s  l e d  t o  t h e  coirclusion (Ref.  6) t h a t  t h e  
d e s i r e d  s i z e  of p a r t i c l e s  should be below one 
mic roue te r  i n  d i ame te r ,  i n  o r d e r  t o  minimize 
p a r t i c l e  build-up on t h e  sc reens .  A s p e c i a l  
e x p e r i u e n t  was set  up t o  e v a l u a t e  and g a i n  i n s i g h t  
i n t o  s o l i d - p a r t i c l e  s eed ing  problems. Kaolin 
p a r t i c l e s  were i n j e c t e d  i n t o  t h e  flow stream i n  t h e  
d i f f u s e r  (Fig.  2) between t h e  t es t  s e c t i o n  and t h e  
d r i v e  f a n ,  and t h e  p a r t i c l e  d a t a  rate w a s  measured 
wi th  t l ie a laser t r a n s i t  anemometer. The p a r t i c l e  
d a t a  ra te  is  shown i n  Fig.  6 as a f u n c t i o n  of t i m e .  
A curve  f i t  of t h e  experi iuental  d a t a  i n d i c a t e s  t h a t  
t h a t  t h e r e  is a 15% loss of p a r t i c l e s / m i n u t e  a t  t h e  
o p e r a t i n g  Mach number of 0.1. Other e v a l u a t i o n  
tes ts  i n d i c a t e d  t h a t  tlie p a r t i c l e  decay rate i s  
p r o p o r t i o n a l  t o  t u n n e l  speed,  and t h a t  t h e  
g r a v i t a t i o n a l  s e t t l i n g  rate is  i r i s ibn i f  i c a n t  
(Kef. 6 ) .  This  i w p l i e s  t h a t  cont inuous t u n n e l  
o p e r a t i o n  w i l l  r e q u i r e  cont inuous s e e d i n g ,  which 
w i l l  l e a d  t o  u n d e s i r a b l e  a c c w u l a t i o n  of s o l i d  
p a r t i c l e s  i n  a c l o s e d - c i r c u i t  t unne l .  

Liquid Par t ic le  Seeding 

Ii t h e  l i q u i d  p a r t i c l e s  a r e  too  l a r g e ,  t hen  a 
l a r g e  pe rcen tage  of  t hen  w i l l  i u p a c t  on t h e  s c r e e n s  
( K e f .  6). Ir  t h e  s c r e e n  w e t t i n g  rdte is f a s t e r  
t han  t h e  d ry ink  r a t e  due t o  l i q u i d  e v a p o r a t i o n ,  t h e  
l i q u i d  could c o l l e c t  d i r t  i n  t h e  tunne l .  
The re fo re ,  i t  i s  d e s i r a b l e  t o  g e n e r a t e  small 
p a r t i c l e s  and t o  use  a l i q u i d  which i s  v o l a t i l e  
enough t h a t  i t  w i l l  evapora t e .  F u r t h e r ,  a s a fe  and 
r e a d i l y  a v a i l a b l e  l i q u i d  is d e s i r a b l e .  Kerosene 
which s a t i f i e d  most of t h e  r equ i r e t l en t s  l e f t  
r e s i d u e s  on a tes t  s c r e e n ,  and t h e r e f o r e ,  i t  w a s  . 
not  a c c e p t a b l e .  However, kerosene is  made up of a 
nuuber of p u r e r  hydrocarbon components. Of t h e s e ,  
dodecane and t r i d e c a o e  have d r o p l e t  f orwing 
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c h a r a c t e r i s t i c s  ve ry  n e a r l y  e q u a l  t o  t h a t  of  
ke rosene .  These hydrocarbon f l u i d s  can be ob ta ined  
i n  a h i g h l y  r e f i n e d  state, and they  evaporated 
comple t e ly  from tlie s c r e e n s ,  at va ry ing  rates. 
P a r t i c l e  s i z e  e v a l u a t i o n  tests i n d i c a t e d  t h a t  
dodecane and t r i d e c a n e  are very n e a r l y  
mono-dispersed wi th  very mall mean p a r t i c l e  
d i ame te r  (Fig.  7). Therefore ,  dodecane and 
t r i d e c a n e  were chosen as t h e  seed ing  p a r t i c l e s  f o r  
t h i s  expe r iuen t .  

. P a r t i c l e  Generator  

The p a r t i c l e  gene ra to r  (Fig.  8) used i n  t h e  
p r e s e n t  experiroent o p e r a t e s  011 t h e  p r i n c i p l e  of a 
s h e a r i n g  atomizer .  Adequate air flow and p res su re  
is s u p p l i e d  i n  o r d e r  t o  have a shock wave a t  t h e  
e x i t  of t h e  nozzle .  The low p r e s s u r e  a t  t h e  e x i t  
sucks  t h e  l i q u i d  from t h e  r e s e r v o i r  past  a n  
a d j u s t a b l e  need le  va lve  t o  t h e  e x i t  plane vhere t h e  
shock wave e x i s t s .  The shock wave b reaks  up t h e  
j e t  i n t o  minute p a r t i c l e s .  The need le  valve i s  
used t o  c o n t r o l  t h e  seed ing  rate. 

S u c c e s s f u l  LV u e a s u r m e n t s  were obtained by 
i n j e c t i n g  t r ideca i i e  or dodecane through t h e  
a t o u i z e r .  The saue LV seed ing  system as w e l l  as 
t h e  LV measurement s y s t e n  have been used i n  ano the r  
major experiwent  c a r r i e d  o u t  i n  t h e  LTPT (Ref.7). 

EVALUATION OF THE LV SYSTEM 

I n  o r d e r  t o  determine t h e  accuracy of the LV 
d a t a ,  measurements made a t  s t a t i o n s  loca t ed  
f a r t h e s t  from t h e  j u n c t u r e  were compared w i t h  t h e  
two-dimensional t u r b u l m t  boundary l a y e r  r e s u l t s  of  
Klebanoff (Kef. 8). Eventhough t h e s e  s t a t i o n s  were 
chosen t o  minimize t h e  i n f l u e n c e  of t h e  junc tu re ,  
some three-dimensional  e f f e c t s  are expected to  be 
p r e s e n t  in t h e  LV d a t a .  I d e a l l y ,  i t  is d e s i r a b l e  
t o  compare LV and h o t - w i r e  d a t a  t aken  under 
i d e n t i c a l  c o n d i t i o n s ;  bu t ,  such experiments  could 
n o t  be c a r r i e d  o u t  because of t i m e  l i u i t a t i o n s .  

The cowparisons p re sen ted  i n  Fig.  9 are f o r  
t h e  case of boundary l a y e r  on t h e  i l a t  s u r f a c e  o f  
tlie wing a t  75% chord streatwise measuring s t a t i o n ,  
and a t  a la teral  d i s t a n c e  of 3 CUI f r o u  the  s p l i t t e r  
p l a t e  ( z  = 3 cm) .  

The uean v e l o c i t y  components U and V ,  and t h e  
Reynolds S t r e s s  iKi compare ve ry  w e l l  w i t h  t h e  
two-diuensional r e s u l t s  (Figs .  9(a)-9(c)) .  
Comparison of tlie t u rbu lence  i n t e n s i t y  v- 
(Fig.  9 (d ) )  w i t h i n  t h e  boundary l a y e r  is very  good; 
b u t ,  o u t s i d e  of t h e  boundary l a y e r  t h e  tu rbu lence  
l e v e l  is  high. This is due t o  t h e  f a c t  t h a t  t h e  
lowest tu rbu lence  l e v e l  t h a t  could be ueasured wi th  
t h e  p r e s e n t  LV s y s t r w  (or any o t h e r  LV s y s t e u s )  i s  
about  1%. 

I n  t h e  case of t h e  tu rbu lence  i n t e n s i t y  u- 
(F ig .  9 ( e ) ) ,  t h e  va lue  o u t s i d e  uf t h e  boundary 
l a y e r  is h ighe r  than  t h e  f reestreaw tu rbu lence  
i n t e n s i t y  of 0.042, ob ta ined  Lrou hot-wire 
measurenents  made i n  t h e  sawe f a c i l i t y  (Ref. 9 ) .  
The v a l u e  is a l s o  h ighe r  t han  t h e  LV r e s o l u t i o n  
l i m i t  of 1%. Thi s  can be due t o  t h e  fol lowing 
reason:  hot-wire ueasurements normally f i l t e r  o u t  

t h e  ve ry  lov frequency t u n n e l  o s c i l l a t i o n s  (< 2 Hz) 
whereas i n  t h e  case of  LV ueasu reuen t s ,  no such 
f i l t e r i n g  is c a r r i e d  out .  This w i l l  r e s u l t  i n  t h e  
higher-than-normal d i s t r i b u t i o n  of t u r b u l e n c e  
i n t e n s i t y  u* as  measured by t h e  LV system. 

The accu racy  of t h e  mean v e l o c i t y  component W, 
and Reynolds stresses W and Ware no t  as good as 
t h e  o t h e r  components (F igs .  9(f)-9(h)).  The 
o v e r a l l  d i s t r i b u t i o n  of t h e  tu rbu lence  i n t e n s i t y  VI 

(F ig .g ( i ) )  is much h ighe r  t han  tlie r e f e r e n c e  
p r o f i l e .  P a r t  of i t  can be a t t r i b u t e d  t o  t h e  
three-dimensional  e f f e c t s  of t h e  junc tu re .  Also, 
t h e  narrow cross-beam a n g l e  between t h e  laser beaus 
t h a t  w e r e  used t o  o b t a i n  r r e l a t e d  components 
r e s u l t e d  i n  lower s i g n a l - t o - n o i s e  ra t io;  t h i s  cou ld  
have in t roduced  some i n a c c u r a c i e s  i n  t h e s e  
components. This probletl  is being i n v e s t i g a t e d  by 
t h e  Instrument  Kesearch Div i s ion  a t  14ASA-Laiigley, 
and t l ie  r e s u l t s  are t o  be pub l i shed  soon (Ref. 10). 

' 

SAMPLE RESULTS 

I n  o r d e r  t o  g e t  an  i d e a  about  t h e  type  of d a t a  
t h a t  were ob ta ined  i n  t h i s  experiment ,  some sample 
r e s u l t s  are p resen ted  i n  Fig.  10. The con tour  
p l o t s  of uean v e l o c i t y  U shown i n  t h i s  f i g u r e  are 
for  t h e  95% chord streamwise measuring s ta t ion i n  
t h e  j u n c t u r e  forwed by t h e  curved s u r f a c e  of t h e  
wing and t h e  s p l i t t e r  p l a t e .  The mean v e l o c i t i e s  
encountered very nea r  t h e  j u n c t u r e  s u r f a c e s  are 
r e l a t i v e l y  low. The presence of a low-momentun 
"bulge" (F ig .  1 0 ( a ) )  on t h e  wing s u r f a c e  i n  t h e  
j u n c t u r e  without  f i l l e t  can have adve r se  e f f e c t s  on  
t h e  f low ove r  t h e  wing s u r f a c e  by a c c e l e r a t i n g  
t r a i l i n g - e d g e  s e p a r a t i o n  a t  non-zero a n g l e s  of  
a t t a c k .  Fig.  lO(b) i n d i c a t e s  t h a t  t h e  j u n c t u r e  
f i l l e t  can be e f f e c t i v e  i n  removing t h i s  
lowllomuturu r eg ion  on t h e  wing su r face .  

CONCLUDING KEbwuCS 

A s i n g l e  a x i s ,  f i v e  beau, t h r e e  component 
laser v e l o c i u e t e r  s y s t e v  has  been used f o r  t h e  
f i r s t  t i m e  i n  a major experiment .  A s eed ing  s y s t e u  
which u s e s  herosene d e r i v a t i v e s  such as t r i d e c a n e  
and dodecane as seed ing  illaterials tias been 
developed and s u c c e s s f u l l y  used i n  t h e  e x p e r i u e n t .  
S a t i s f a c t o r y  r e s u l t s  have been ob ta ined  v i t h  t h e  LV 
system i n  t h e  j u n c t u r e  f low experiment .  
I n a c c u r a c i e s  i n  t h e  w-related components can be due 
t o  t h e  small cross-beau a n g l e  between t h e  laser 
beaus measuring t h e s e  components. Th i s  i u p l i e s  
t h a t  l i m i t e d  o p t i c a l  access t o  t h e  t u n n e l  is sti l l  
a wajor p rub leu  f o r  a t h r e e  couyonent LV systew.  
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Figure  1.- Schematic of t h e  i low i n  a junc tu re .  
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Figure 2.- Low-Turbulence P r e s s u r e  Tunnel. 

F igu re  3.- Photograph of Lhe set-up. 
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F i g u r e  7.- Percentage  of t o t a l  number of 
p a r t i c l e s  counted v e r s u s  p a r t i c l e  
d i a m e t e r  for  t r i d e c a n e  and dodecane 
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